Body muscle-cell differentiation was ultrastructurally examined in palleal buds of the colonial tunicate Symplegma reptans. Undifferentiated coelomic cells accumulate near the primordial oral siphon and associate with the basal lamina beneath the epidermis. They initially display the characteristics of hemoblast cells that have a large nucleus with a prominent nucleolus and narrow cytoplasm filled with polysomes. However, they soon become unique due to the development of an indented contour of the nucleus. When the basal lamina of the epidermis develops into the fibrous extracellular matrix (ECM), the muscle precursor cell has the deeply-notched nucleus, and thick and thin filaments in the cytoplasm facing the ECM. Collagen fibril-like structures appear in the ECM. Myofilaments are arranged with the ratio of thick to thin filaments being 1:2.5. Dense bodies and plaques become evident before the oral siphon is perforated. These results show that in S. reptans, the sphincter muscle cells arise from undifferentiated hemoblasts, and that their differentiation begins with a morphological change in their nuclei. Epidermal cells and/or the ECM may have an inductive effect on muscle cell differentiation.
INTRODUCTION
Asexual reproduction involves the propagation of clonal individuals from somatic cells instead of germ cells (Berrill, 1950) . It utilizes the regenerative potential of somatic cells to reconstruct tissues and organs (Morgan, 1901; Kawamura and Fujiwara, 1995) . In colonial tunicates, several kinds of multipotent cells and tissues are capable of renewing and remodeling the body architecture (Nakauchi, 1982; Kawamura and Nakauchi, 1991; Kawamura and Fujiwara, 1994) . Multipotent epithelial cells constitute the epicardium in Polyclinidae and Polycitoridae (Brien, 1968) , the atrial epithelium in Botryllidae (Berrill, 1941; Izzard, 1973; Casagrande et al., 1993; Burighel et al., 1998) and Styelidae (Sugimoto and Nakauchi, 1974; Kawamura and Fujiwara, 1994) , and the septum in Perophoridae and Clavelinidae (Lefevre, 1898; Koguchi et al., 1993) .
Another type of multipotent cell is present in the coelomic body cavity in both colonial and solitary tunicates. It is referred to as a hemoblast and is characterized by the presence of a large nucleus with a prominent nucleolus and narrow cytoplasm filled with polysomes (Wright, 1981) . A variety of tissues and organs such as the gonad (Mukai and Watanabe, 1976; Sunanaga et al., 2006 Sunanaga et al., , 2007 , the pericardium (Nunzi et al., 1979) , the pyloric gland (Kawamura and Nakauchi, 1986) , and bud vesicle (Oka and Watanabe, 1957; Freeman, 1964; Sabbadin et al., 1975) differentiate from undifferentiated coelomic cells.
Symplegma reptans is a transparent colonial tunicate (Sugimoto and Nakauchi, 1974) . Buds arise from the right ventral body wall of the parent organism. Their organogenesis has been described by light-microscopic observation (Kawamura and Nakauchi, 1986) . For example, the body musculature is recruited from mesenchymal cells at every budding cycle. Precursor cells of the oral sphincter (e.g., Fig. 1E ) appear at the stage when a siphon anlage is established, but it is uncertain whether these mesenchymal cells are undifferentiated cells or muscle-lineage cells conveyed from the parental zooid. Colonial tunicates may be useful to study the manner in which body muscle cells originate and develop.
In the present study, we ultrastructurally examined the appearance and differentiation of body muscle precursor cells during blastogenesis in S. reptans. The results provide evidence of a new repertoire of hemoblasts in colonial tunicates.
MATERIALS AND METHODS
Colonies of Symplegma resptans were attached to glass plates and cultured in Uranouchi Inlet near the Usa Marine Biological Institute of Kochi University.
The animals were prefixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) containing 2% NaCl for 10 min at room temperature and on ice for approximately 1 h. At the end of prefixation, the specimens were cut into small pieces, detached from the glass plates, and rinsed for approximately 30 min with cold, buffered salt solution. They were postfixed in 1% osmium tetroxide in 0.1 M phosphate buffer (pH 7.4) on ice for 2 h, dehydrated in a graded series of cold ethanol, cleared in propylene oxide, and embedded in modified Spurr's resin (Kushida, 1980) . Some of the specimens were stained en bloc with uranyl acetate prior to dehydration. Thin sections were stained with both uranyl acetate and lead citrate and examined under a JEOL JEM-100U electron microscope.
RESULTS AND DISCUSSION
The lifespan of blastozooids of S. reptans comprises 15 developmental stages (Kawamura and Nakauchi, 1986) ; here, we deal with stages 9-13. Stage 9 is characterized by the appearance of oral and atrial siphon anlagen and by the evagination of the first bud (Fig. 1A) . The endostyle appears at stage 10 (Fig. 1B) , and the heart begins to beat at stage 11 (Fig. 1C ). Stigmata anlagen (gill slits) appear at stage 12 ( Fig. 1D ). At stage 13, the stigmata are perforated, ciliary movement begins, and the siphons open; thus the animal attains functional maturity.
Hemoblast aggregation
The primordial oral siphon appears as a small epidermal disc that adheres to the prebranchial epithelium, and then both epithelia become continuous ( Fig. 2A) . Coelomic cells accumulate around the disc (Fig. 2B, C) . They are approximately 6 μm in diameter and have a large nucleus with a prominent nucleolus (Fig. 2B, C) . The cytoplasm is filled with free polysomes (Fig. 2B, D) . The mitochondria and endoplasmic reticulum are both poorly developed. These cytological features are identical to those of hemoblasts, which are referred to as coelomic undifferentiated cells in tunicates (Wright, 1981) . However, when the cells associate with the basal lamina of the epidermis, they become unique because the nucleus develops a slightly uneven contour, with the notched portion of the nucleus often facing the epidermis (Fig. 2D , E arrows). This is the first unique cytological feature of muscle precursor cells.
Previously, light-microscopic studies have indicated that in colonial tunicates, the body wall muscle of adult animals arises from free coelomic cells (Pizon, 1893; Berrill, 1941; Kawamura and Nakauchi, 1986) . However, the cytological features of these cells have remained unclear. In the present study, ultrastructural examination revealed that in S. reptans, the sphincter muscle cells are derived from undifferentiated hemoblasts.
In the solitary tunicate Halocynthia roretzi, body muscle cells originate from two distinct larval cell types, the trunk lateral cells and the trunk ventral cells, of which the trunk lateral cells give rise to the oral sphincter cells (Hirano and Nishida, 1997) . The trunk lateral cells also differentiate into coelomic cells. It is interesting that in both postembryonic development and blastogenesis of tunicates, body muscle cells share a common cell lineage with coelomic cells.
Nuclear indentation
At stage 10, the nucleus of muscle precursor cells becomes deeply notched (Fig. 2F, G ). This nuclear indentation is observed only in cells surrounding the rudimentary oral and atrial siphons, which indicates that in S. reptans, the notched nuclear morphology was specific to body muscle-cell differentiation. In S. reptans, muscle fibers other than those associated with the oral and atrial siphons run along the dorsal body wall. As they are few in number and poorly organized, we could not follow accurately the origin and differentiation of these muscle cells. In Botryllus schlosseri, the cardiac muscle cells and pericardium arise from aggregated hemoblasts (Nunzi et al., 1979) . Nuclear indentation is absent in these hemoblasts. In mammals, the nucleus of blood neutrophils undergoes morphological changes during differentiation. Nuclear indentation is influenced by cytoskeletal structures such as microtubules (Olins and Olins, 2004) and by lamin, a component of the nuclear envelope that renders the envelope rigid (Yabuki et al., 1999) . In the present study, there was no evidence of cytoskeletal involvement in the nuclear concavity of muscle precursor cells.
Appearance of myofilaments
Myofilaments are another feature of muscle precursor cells at stage 10. The thick, homogeneous basal lamina (0.1-0.2 μm in thickness) lies beneath the epidermal cells of the disc-like siphon anlage (Fig. 2F, arrowheads) . In muscle precursor cells, thin and thick myofilaments appear in the cytoplasm adjacent to the basal lamina (Fig. 2G arrows) . The thin and thick filaments are approximately 6-7 and 20 nm in diameter, respectively (Fig. 2H ). Both these filaments appear to have a relatively ordered arrangement. This mode of development is a contrast to that of the larval tail and zooidal heart muscles, in which myofilaments appear randomly in the cytoplasm (Terakado, 1972; Cavey and Cloney, 1974; Nunzi et al., 1979) . Muscle fibers develop especially around both siphons. This study involved sphincter muscle cells of the oral siphon (boxed). ae, atrial epithelium, as, atrial siphon; b, bud; e, epidermis; en, endostyle; g, gonad; h, heart; i, intestine; o, ovary; os, oral siphon; p, pericardium; s, stomach; st, stigmata; t, testis; tv, test vessel.
Myocyte differentiation
At stage 11, the number of myofilaments conspicuously increases in differentiating myocytes (Fig. 3A, asterisks) . They appear consistently in the restricted area of the cytoplasm, facing the basal lamina of the epidermis. The thick basal lamina contains granular bodies (Fig. 3A, arrowheads) , and develops into the extracellular matrix (ECM) by stage 12 (Fig. 3B) . Epidermal cells extend minute projections into the ECM (Fig. 3B, arrowheads) . The ECM contains collagen fibril-like structures that run parallel to the surface of the myocytes (Figs. 3C, arrowheads; 3D) .
At stages 12-13, several dense bodies (Fig. 3C , circles) and dense plaques (Fig. 3C, arrows) are observed in single sections in S. reptans. According to Terakado (1987) , dense bodies in H. roretzi are structures that are anchored by thin filaments, similar to the Z-bands of striated muscles in vertebrates, whereas dense plaques are the dense surface bodies to which thin and intermediate filaments are attached. In H. roretzi, the ratio of thick to thin filaments in myocytes is approximately 1:6, and these filaments have a rosette-like appearance (Terakado and Obinata, 1987) . In contrast, in S. reptans, the ratio is 1:2.5 at most (Fig. 3E) , a value resembling that of striated muscles in vertebrates (Terakado, 1987) . In H. roretzi, intermediate (10 nm) filaments are located in the relatively wide interspaces between bundles of thin and thick filaments (myofibrils) (Terakado and Obinata, 1987) . In S. reptans, myocytes do not have such interspaces, and the thin and thick filaments are densely distributed in the cytoplasm (Fig. 3C, E) .
In longitudinal sections of muscle cells of S. reptans, muscle fibers have periodic dark bands that run obliquely (Fig. 3F, arrows) . Epidermal cells extend fine projections to muscle cells (Fig. 3G, arrowheads) . Ribosome-containing bleb-like protrusions are observed between neighboring muscle cells (Fig. 3H, arrowheads) . Unfortunately, we could not detect the multinucleated sphincter muscle cells in S. reptans. However, multinucleation is common in the bodywall smooth muscle in H. roretzi (Shinohara and Konishi, 1982) . This may occur due to cell fusion, as observed in skeletal muscle cells (Terakado and Obinata, 1987) . 
Conclusion
Thus far, body muscle cells in tunicates have been of particular interest primarily for two reasons. (1) They are multinucleated, although they are smooth muscle cells (Shinohara and Konishi, 1982) . (2) They contain the actinlinked regulatory system (troponin complex) required for contraction (Toyota et al., 1979; Endo and Obinata, 1981) , although the myosin light-chain phosphorylation system generally regulates myosin ATPase in smooth muscle cells.
The present study using the colonial tunicate S. reptans adds several novel findings. First, the body muscle is reconstructed at every budding cycle by coelomic undifferentiated cells-hemoblasts. Previously, light-microscopic studies did not reveal the nature of muscle precursor cells in the hemocoel (Pizon, 1893; Berrill, 1941; Kawamura and Nakauchi, 1986) . Second, it is at stage 9 that hemoblasts gather around the oral siphon anlage, although they were observed at stage 11 by light microscopy. Third, muscle precursor cells are unique due to the presence of a notched nucleus. Fourth, myofilaments appear at stage 10, when the nucleus of the muscle precursor cell is deeply indented. Finally, circumstantial evidence suggests that epidermal cells and/or the basal lamina may have an inductive effect on the differentiation of body muscle cells.
